Abstract Background. Lowering the blood cholesterol level may reduce the risk of coronary heart disease. This double-blind study was designed to determine whether the administration of pravastatin to men with hypercholesterolemia and no history of myocardial infarction reduced the combined incidence of nonfatal myocardial infarction and death from coronary heart disease.
nary heart disease) in the placebo group, and 174 in the pravastatin group (relative reduction in risk with pravastatin, 31 percent; 95 percent confidence interval, 17 to 43 percent; P Ͻ 0.001). There were similar reductions in the risk of definite nonfatal myocardial infarctions (31 percent reduction, P Ͻ 0.001), death from coronary heart disease (definite cases alone: 28 percent reduction, P ϭ 0.13; definite plus suspected cases: 33 percent reduction, P ϭ 0.042), and death from all cardiovascular causes (32 percent reduction, P ϭ 0.033). There was no excess of deaths from noncardiovascular causes in the pravastatin group. We observed a 22 percent reduction in the risk of death from any cause in the pravastatin group (95 percent confidence interval, 0 to 40 percent; P ϭ 0.051).
Conclusions. Treatment with pravastatin significantly reduced the incidence of myocardial infarction and death from cardiovascular causes without adversely affecting the risk of death from noncardiovascular causes in men with moderate hypercholesterolemia and no history of myocardial infarction. (N Engl J Med 1995;333:1301-7.) E ARLIER trials of lipid-lowering drugs in the primary prevention of coronary heart disease have demonstrated that lowering cholesterol levels in middle-aged men with hypercholesterolemia reduces the incidence of myocardial infarction. [1] [2] [3] [4] However, these studies, because of their design and low rates of observed events, were unable to show a clear effect of therapy on the risk of death from coronary heart disease or death from any cause. A meta-analysis of the trials provided support for the likelihood that therapy lowered the risk of death from coronary heart disease, but it also aroused concern that the risk of death from noncardiovascular causes might be increased by treatment. [5] [6] [7] [8] Whether this latter association was due to chance, to the reduction in cholesterol itself, or to an adverse effect of the drugs is not clear.
Recently, a new class of lipid-lowering drug, the 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors, has been introduced into clinical practice. These drugs block endogenous synthesis of cholesterol and reduce the levels of low-density lipoprotein (LDL) cholesterol. They slow the progression of coronary disease and reduce the incidence of death from coronary causes and death from any cause in men with manifest coronary heart disease. [9] [10] [11] [12] [13] [14] [15] The present study was designed to evaluate the effectiveness of a reductase inhibitor, pravastatin (Pravachol), in preventing coronary events in men with moderate hypercholesterolemia and no history of myocardial infarction.
M ETHODS

Design
The objective was to enroll approximately 6000 middle-aged men, randomly assigned in a double-blind fashion to receive either pravastatin (40 mg each evening) or placebo and to record their clinical progress over a period of five years. The details of the study design, including the definitions of the end points, have been described previously. 16 Briefly, the primary end point of the study was the occurrence of nonfatal myocardial infarction or death from coronary heart disease as a first event; these two categories were combined. Other principal end points were the occurrence of death from coronary heart disease and nonfatal myocardial infarction. In all categories, the events were classified as either definite or suspected. In addition to the main end points, the effect of treatment on death from cardiovascular causes, death from any cause, and the frequency of coronary revascularization procedures was analyzed.
All subjects provided written informed consent. The study was approved by the ethics committees of the University of Glasgow and all participating health boards.
Recruitment and Follow-up
Coronary screening clinics were established in primary medical care facilities throughout the West of Scotland district. Approximately 160,000 men ranging in age from 45 to 64 years were invited to attend the clinics to assess their coronary risk factors. A total of 81,161 appeared for the first visit, and those whose nonfasting plasma cholesterol level was at least 252 mg per deciliter (6.5 mmol per liter) but who had no history of myocardial infarction were given lipid-lowering dietary advice 17 and asked to return four weeks later. A total of 20,914 men returned for the second visit, at which time a lipoprotein profile was obtained that measured plasma cholesterol, the cholesterol content of LDL and high-density lipoprotein (HDL), and plasma triglycerides while the subjects were fasting. If on this occasion the LDL cholesterol level was at least 155 mg per deciliter (4.0 mmol per liter) and the subject had no exclusion criteria, 16 he was advised to stay on the lipid-lowering diet for a further four weeks and then to return for a third visit (13,654 attended), at which time a second lipoprotein profile and a 12-lead electrocardiogram (ECG) were obtained. On the fourth visit the patients underwent randomization if they met the following criteria: fasting LDL cholesterol level of at least 155 mg per deciliter during the second and third visits, with at least one value of 174 mg per deciliter or above (4.5 mmol per liter) and one value of 232 mg per deciliter or below (6.0 mmol per liter); no serious ECG abnormalities according to Minnesota code 18 1 (pathologic Q waves), 4-1, 5-1, or 7-1-1 or arrhythmia such as atrial fibrillation; and no history of myocardial infarction or other serious illness, although men with stable angina who had not been hospitalized within the previous 12 months were eligible. Further details of the inclusion and exclusion criteria were described previously. 16 The subjects were seen at three-month intervals, and dietary advice was reinforced on each occasion. A fasting lipoprotein profile was obtained every six months, and an ECG was recorded annually or as required clinically. The subjects received a full medical examination by a physician each year.
Laboratory Analyses
The cholesterol measurement during the first visit was performed on a Reflotron bench-top analyzer (Boehringer-Mannheim, Lewes, Kent, United Kingdom). All subsequent laboratory analyses, including biochemical, hematologic, and lipoprotein profiles, were conducted at the central laboratory at the Glasgow Royal Infirmary. Lipoprotein profiles were determined according to the Lipid Research Clinics protocol 19 with enzymatic cholesterol and triglyceride assays. The laboratory was certified through the Lipid Standardization Program of the Centers for Disease Control and Prevention in Atlanta. Abnormalities in the results of blood tests were identified with the use of published reference ranges. 16 Siemens Sicard 440 electrocardiographs were used to record the 12-lead ECGs, and the data were transmitted by telephone to the ECG core laboratory at the Glasgow Royal Infirmary for storage on a central Mingocare data base (Siemens Elema, Stockholm, Sweden) and subsequent automated classification according to the Minnesota code, including serial comparisons. 18, [20] [21] [22] All ECG results were verified by visual inspection.
Identification and Classification of End Points
At each follow-up visit, adverse events were documented on the basis of the subjects' recall, and if appropriate, further information was obtained from hospital records. All data on randomized subjects were flagged electronically on national computer data bases so that the numbers of deaths, incident cancers, hospitalizations, and cardiac surgeries could be monitored according to previously described methods. 23 Potential end points were reviewed and classified according to predefined criteria 16 by the End-Points Committee, whereas non-coronary heart disease events were reviewed and classified by the Adverse-Events Committee. The progress and conduct of the study were monitored regularly by the independent, unblinded Data and Safety Monitoring Committee. Except for the trial statistician and his assistant, all trial personnel remained unaware of the subjects' treatment assignments throughout the study.
Statistical Analysis
All data were analyzed according to the intention-to-treat principle. The results of the two fasting lipoprotein profiles obtained during visits 2 and 3 were averaged to produce base-line values. The LDL cholesterol results were analyzed according to both the treatment actually received and the intention-to-treat principle. The analysis based on actual treatment used only the measured lipid levels in subjects who had attended the previous scheduled visit and who had been issued with trial medication at that visit. For the intention-to-treat analysis, all recorded levels were included, without reference to the subjects' degree of compliance at previous visits. In addition, in cases in which no lipid value was available for a scheduled visit and no medication had been issued at the previous visit, the subject's base-line level was used. For each end-point category, the lengths of time to a first event were compared with use of the log-rank test, and the relative reduction in risk resulting from pravastatin treatment, with 95 percent confidence intervals, was calculated with the Cox proportional-hazards model. 24 In addition, Kaplan-Meier time-to-event curves were used to estimate the absolute risk of each event at five years for each treatment group. When a silent myocardial infarction was detected on the basis of serial comparison of ECGs, the event was con-*Plus-minus values are means Ϯ SD. To convert values for cholesterol to millimoles per liter, multiply by 0.026, and to convert values for triglycerides to millimoles per liter, multiply by 0.011. †The weight in kilograms divided by the square of the height in meters. ‡A unit was defined as 1 measure (60 ml) of liquor, 1 glass (170 ml) of wine, or a half pint (300 ml) of beer. §As indicated by positive responses on the Rose questionnaire. (14) 338 (10) 171 (5) 2330 (71) 430 (13) 330 (10) 210 (6) sidered to have occurred midway between the first diagnostic ECG and the previous ECG. Two-tailed P values were used throughout. For the primary end point, an analysis was performed for predefined subgroups 16 characterized at base line according to age ( Ͻ 55 years or у 55 years), smoking status (smoker or nonsmoker of cigarettes, cigars, or pipes), and whether at least two of the following risk factors were present: smoking, hypertension, a history of chest pain or intermittent claudication (as indicated by positive responses on the Rose questionnaire), diabetes, and a minor ECG abnormality associated with coronary heart disease (Minnesota code 4-2, 4-3, 5-2, or 5-3).
In addition, the effect of treatment was examined in a subgroup with and a subgroup without vascular disease at base line. Vascular disease was considered to be present if there was evidence of angina, intermittent claudication, stroke, transient ischemic attack, and ECG abnormalities according to the Minnesota code. Finally, the influence of base-line lipid levels on the effect of treatment was assessed by dividing the randomized population according to the median plasma cholesterol, LDL or HDL cholesterol, or plasma triglyceride concentration.
The Data and Safety Monitoring Committee conducted annual reviews of the main end points according to the O'Brien and Fleming criteria for stopping the trial prematurely. 25 The overall P value indicating statistical significance was set at 0.01.
R ESULTS
A total of 6595 subjects underwent randomization. The clinical characteristics of the subjects who were screened and those who were randomized have been described previously. 26 The first patient was enrolled on February 1, 1989, and recruitment was completed by September 30, 1991 . The final visits were made between February and May 1995, by which time the study population had accrued 32,216 subject-years of follow-up (an average of 4.9 years per subject). At the end of the study, the vital and clinical status of all randomized subjects was ascertained.
The base-line characteristics of the pravastatin and placebo groups are summarized in Table 1 . As expected in a trial of this size, the groups were well balanced. For the study population as a whole, the average ( Ϯ SD) plasma cholesterol level was 272 Ϯ 23 mg per deciliter (7.0 Ϯ 0.6 mmol per liter), the LDL cholesterol level was 192 Ϯ 17 mg per deciliter (5.0 Ϯ 0.5 mmol per liter), and the HDL cholesterol level was 44 Ϯ 9 mg per deciliter (1.14 Ϯ 0.26 mmol per liter). On the basis of positive responses on the Rose questionnaire, evidence of angina was present in 5 percent of the men, whereas 8 percent had ECG ST-T wave changes (Minnesota codes 4-2, 4-3, 5-2, and 5-3). The prevalence of self-reported diabetes mellitus was 1 percent, and that of hypertension was 16 percent; 44 percent of the subjects were current smokers.
Withdrawals
The cumulative rates of withdrawal from treatment in the placebo and pravastatin groups were 14.
There was no significant difference in the withdrawal rates between the two groups at any time. The disproportionate increase from year 4 to year 5 can be attributed to the withdrawal from the study of some subjects who had terol Levels. To convert values for cholesterol to millimoles per liter, multiply by 0.026.
*The P values are based on the log-rank test. No formal analysis was carried out for events with a low incidence. CI denotes confidence interval, CHD coronary heart disease, MI myocardial infarction, PTCA percutaneous transluminal coronary angioplasty, and CABG coronary-artery bypass graft. completed the five years of follow-up and who could have proceeded further but did not wish to do so.
Reduction in Lipid Levels
When the data were analyzed according to the treatment actually received, pravastatin was found to have lowered plasma levels of cholesterol by 20 percent, LDL cholesterol by 26 percent (Fig. 1) , and triglycerides by 12 percent, whereas HDL cholesterol was increased by 5 percent. There were no such changes with placebo. When the data were analyzed according to the intention-to-treat principle, because such analysis includes subjects who withdrew and noncompliant subjects, there was an apparent reduction in the observed difference in LDL cholesterol levels between treatment groups over time. This result is in contrast to that based on actual treatment, which showed that the differnce was maintained.
End Points
As compared with placebo, pravastatin produced a significant reduction in the risk of the combined primary end point of definite nonfatal myocardial infarction and death from coronary heart disease (reduction, 31 percent; 95 percent confidence interval, 17 to 43 percent; PϽ0.001; absolute difference in the risk at five years, 2.4 percentage points) ( Table 2 and Fig. 2) . The effects of pravastatin on other principal end points are given in Table 2 and Figure 3 . The reduction in the risk of nonfatal myocardial infarction was significant (Pр0.001) whether the definite cases of myocardial infarction were considered alone or in combination with suspected cases. Excluding silent myocardial infarctions from the analysis of the primary end point did not affect the outcome (Table 2 ). For the end point of death from coronary heart disease, there was a significant treatment effect in the analysis of both definite and suspected cases (risk reduction, 33 percent; 95 percent confidence interval, 1 to 55 percent; Pϭ0.042), but not in the analysis of definite cases alone, probably because of the smaller number of events in this group. However, there was a similar reduction in risk (28 percent). When the effect of treatment with pravastatin on death from all cardiovascular causes was analyzed, a 32 percent reduction in risk (95 percent confidence interval, 3 to 53 percent; Pϭ 0.033) was observed. Treatment with pravastatin was associated with similar reductions in the frequency of coronary angiography (31 percent; 95 percent confidence interval, 10 to 47 percent; Pϭ0.007) There were 56 deaths from noncardiovascular causes in the pravastatin group and 62 in the placebo group (Pϭ0.54). There was no significant difference between treatment groups in the numbers of deaths from cancer, suicide, or trauma. There were 46 strokes (6 of which were fatal) in the pravastatin group and 51 (4 fatal) in the placebo group. In the pravastatin group, the reduction in the number of deaths from cardiovascular causes in the absence of any increase in the number of deaths from noncardiovascular causes resulted in a 22 percent reduction in the overall risk of death (95 percent confidence interval, 0 to 40 percent; Pϭ0.051).
The beneficial effects of pravastatin therapy were evident in all subgroups ( Table 3 ). The numbers of subjects in the subgroups with either multiple risk factors at base line or vascular disease at base line were too small to show a statistically significant effect.
Other Adverse Events
In the pravastatin group 116 subjects had incident (fatal or nonfatal) cancers, as compared with 106 in the placebo group (Pϭ0.55). These figures include cases of malignant melanoma but not minor skin cancers. For the placebo and pravastatin groups, respectively, there were 30 and 31 gastrointestinal cancers, 26 and 32 genitourinary cancers, 28 and 27 respiratory tract cancers, and 22 and 26 other cancers. Twenty subjects in the pravastatin group reported myalgia, and 97 muscle aches. The corresponding numbers in the placebo group were 19 and 102 (P not significant). Four subjects (three in the pravastatin group and one in the placebo group) had asymptomatic episodes of elevated creatine kinase concentrations (Ͼ10 times the upper reference limit). Elevations in aspartate aminotransferase and alanine aminotransferase values (Ͼ3 times the upper reference limits) were recorded for 26 and 16 subjects, respectively, in the pravastatin group, as compared with 20 and 12 subjects in the placebo group (P not significant).
DISCUSSION
As compared with placebo, pravastatin reduced the risk of fatal or nonfatal coronary events in middle-aged men with hypercholesterolemia and no history of myocardial infarction by approximately 30 percent. The beneficial effects of treatment were remarkably consistent across a variety of coronary end points. In contrast to the results of studies using resins, fibrates, or other 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors, [1] [2] [3] [4] 9 the time-to-event curves began to diverge within six months of the initiation of treatment and continued to do so at the same rate throughout the trial. The frequency of the need for coronary angiography and revascularization procedures was significantly lower in the pravastatin group than in the placebo group.
The subjects in this study were representative of the general population in terms of socioeconomic status and risk factors (Table 1) . Their plasma cholesterol levels were in the highest quartile of the range found in the British population. 27 A number had evidence of minor vascular disease, and in order to make the findings of the trial applicable to typical middle-aged men with hypercholesterolemia, they were not excluded.
In line with accepted guidelines, 28 the LDL cholesterol level was used as a criterion for entry into the study. As compared with placebo, pravastatin produced a major reduction in this lipoprotein fraction (Fig. 1) and moderate decreases in plasma triglycerides, as well as an increase in HDL cholesterol. These changes are in line with the expected response to pravastatin, 29 and all could potentially result in clinical benefit. The changes in the LDL cholesterol level are more substantial than those observed in earlier primary prevention studies. [1] [2] [3] [4] When the subjects were divided into two groups according to their lipid levels at base line, we found that coronary risk was related to higher plasma LDL cholesterol and triglyceride levels (i.e., levels above the median values) and lower HDL cholesterol levels (i.e., levels below the median value) ( Table 3 ). The plasma cholesterol level was not a significant factor, principally because of the narrow range of cholesterol values used as a criterion for entry into the study. The relative reduc- tion in risk with pravastatin therapy was statistically significant and of a similar magnitude in subjects with lipid values above and below the median. The relative reductions in risk attributable to pravastatin therapy were not affected by age (Ͻ55 years vs. у55 years) or smoking status. Furthermore, a significant treatment effect was seen in the subgroup without multiple risk factors and the subgroup without preexisting vascular disease. Thus, it is possible to conclude that in the subjects who might be considered to fall strictly into the primary-prevention category, pravastatin therapy produced a significant reduction in the relative risk of a coronary event.
Pravastatin therapy was well tolerated and resulted in no more study withdrawals than placebo. In particular, as in an earlier study, 15 there was no evidence that pravastatin adversely affected liver function or caused myopathy. Our results support those of a recent secondary-prevention trial 9 that found that lipid lowering with a 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitor is not associated with an increased risk of death from noncardiovascular causes. As in that earlier trial, 9 a comparison of the treatment and placebo groups showed no significant increase in the incidence of fatal or incident cancers or deaths due to suicide or trauma. More data on the adverse-event profile of this class of drugs will become available as the results of other prevention trials are published. In the current study, the benefit of pravastatin therapy with respect to fatal coronary events and the absence of any increase in the number of deaths from other causes led to a 22 percent reduction in the relative risk of death from any cause (Pϭ0.051).
From the data in Table 2 , it can be estimated that treating 1000 middle-aged men with hypercholesterolemia and no evidence of a previous myocardial infarction with pravastatin for five years will result in 14 fewer coronary angiograms, 8 fewer revascularization procedures, 20 fewer nonfatal myocardial infarctions, 7 fewer deaths from cardiovascular causes, and 2 fewer deaths from other causes than would be expected in the absence of treatment. Since these figures are based on an intention-to-treat analysis, the magnitude of the benefit in fully compliant subjects is likely to be greater. These findings can be compared favorably with the results of the Medical Research Council trial 30, 31 of the treatment of mild hypertension in middle-aged subjects. In that study, it was estimated that five years of active treatment of 1000 men ranging in age from 35 to 64 years would result in six fewer strokes and two fewer cardiovascular events than would be expected. Thus, our results indicate that reducing cholesterol levels with pravastatin reduces the risk of coronary events in asymptomatic subjects with hypercholesterolemia. 
